1 . Introduction. - It is now well documented that the damage to alkali halides by ionizing radiation operates via two basic processes [I, 21 . A primary mechanism consisting in the production of wellseparated F and H pairs as a consequence of some non-radiative decay of self-trapped excitons (STE), and secondary reactions involving those primary centers as well as impurities and probably other lattice defects. In accordance with this scheme a number of models have been reported to understand the kinetics of F-center growth. As far as we know, the model proposed by Agullo-Lopez and Jaque [3] is the only one able to account for the major features of the coloring in NaCl and similar crystals (mainly KCI and KBr). In particular, it satisfactorily explained the three-stages structure of the coloring curve at near room-temperature (RT) as well as the qualitative effect of dose-rate and impurity doping. However, the model assumed homogeneous nucleation of interstitial clusters through interstitial-interstitial aggregation and some of its implications have not , been supported by experiment [4] .
The purpose of this paper is to present a short report on a new model of coloring, which assumes heterogeneous nucleation of interstitials on initially existing traps, mostly associated to impurities. The thermal evaporation of interstitials from the clusters (back-reactions) is explicitely considered in the simplest possible way.
2. The kinetic model. - The following secondary reaction channels are considered : a ) interstitia1-Fcenter recombination; b) interstitial trapping to an impurity (or impurity-related defect) designed as So center to form the S, center ; c) trapping of another interstitial to the S, center, leading to the S2 center containing two interstitials and so on. Therefore, in this model, the impurities act as nucleation seeds for interstitial clustering.
A truly realistic model should take also into account the thermally-induced back reactions involving the evaporation of interstitials from the various aggregates and clusters. This is a very difficult task and one should try to consider a very simplified version on the basis of some major experimental facts. It is well known that during the first-stage (stage I) of the coloring the relatively stable Vy (or D,) centers are optically observed as counterparts for the Fcenters [5] . Since after saturation of that stage a marked inhibition in the coloring-rate is observed it appears quite reasonable that a very unstable center is being formed by additional interstitial trapping This is, in fact, taken as the key point of our new model : the occurrence of a very unstable or shortlived interstitial center, once those associated to stage I have reached saturation. For simplicity, we will assume that the unstable center is the S2 center whereas the S, center, corresponding to stage I, is essentially stable. In fact, it should be more appropriate to associate the S2 center to stage I, since the V'; centers, already mentioned, are believed to consist of two interstitials trapped into a cation vacancy or an impurity vacancy-dipole [6]. In such a case, the Sj center should be the short-lived species blocking the stabilization of additional F-centers. However, this point does not essentially influences the results of the model and complicates the kinetic equations. Finally, since large clusters are known to be stable, it will be assumed so in our model for all S, centers with n > 2.
The occurrence of an unstable aggregate before stable clusters are formed is not unreasonable since the theory of nucleation establishes that clusters are thermodynamically unstable below a critical radius, and only those reaching this radius are able to form stable precipitates.
The model can be easily translated into rate equations governing the time evolution of the various defects during irradiation. Let f , i, so, s,, s,, and s, be respectively, the concentrations of F-centers, free interstitials I, empty traps So and the corresponding interstitial centers after capturing one (center S , ) , two (center S2) or more (clusters S3 halogen interstitials by the traps. The corresponding rate equations can be written :
where o stands for the common cross-section for all interstitial processes, except for the capture by clusters S,. For this case, the cross-section a, will be assumed to be proportional to the surface of the cluster. This implies that a, = ii:I3 a where means the average number of interstitials per cluster. This assumption is reasonable and it has been previously uscd to understand coloring kinetics in KC1 and KBr at very high doses. a is the decay constant for the thermal bleaching of the S2 centers and g represents the concentration of Frenkel pairs produced per unit time.
3. Computer simulation of coloring curves. -Rate equations have been solved by using an IBM 370 computer at the IBM-UAM research center.
To reveal the role of the thermal stability of the S2 center on the kinetics of coloring, F-growth curves have been computer-simulated for various values of a, figure 1 . In all cases the value of g has been taken g = 1016 ~r n -~ s-' which corresponds to a dose-rate of lo'* eV cm-3 s-', if one assumes an energy of 100 eV required for the creation of each Frenkel pair.
The value of a = 10-l4 cm3 s-' is the same used in the previous model The three stages structure~of the F-coloring is readily apparent. For lower a-values, the structure is lost and a monotonous rise is obtained as observed for low-temperature or high dose-rate irradiations.
For higher values of a no stage 111 behavior is obtained for usual irradiation doses.
4. Role of dose-rate and impurity doping. -The dose-rate is proportional to the concentration y of Frenkel pairs produced per unit time. Therefore, changes in dose-rate can be simulated by altering the value of g. Figure 2 shows computer-simulated F-coloring curves for a number of dose-rates. An increase in dose-rate induces a shortening of stage I1 and therefore an earlier occurrence of stage 111. This effect is well supported by a number of experimental data in a variety of alkali halides. At very high doserates, the three-stages structure of the coloring curve becomes blurred (see curve for g = 1018 cm-s-' in figure 2 ) and a monotonous rise in coloring is observed. This is the situation when high-current electron radiation is performed. The simulation of the effect of different initial trap concentrations on F-coloring is illustrated in figure 3 .
